Abstract-A High-Impedance Surfaces (HIS) analysis is presented to study the feasibility of these elements to be used in the novel design of low-profile planar antennas for UHF applications. The proposed design is based on a wideband monopole antenna in close proximity to an artificial ground plane, composed of an array of square metal loops at the top and a ground plane at the bottom, without grounded vias. Low-cost substrates are employed in the design, rigid PVC for the antenna, and foamed PVC for the artificial ground plane. PVC substrate is ecologic, recyclable, long lasting and cheap, what makes it desirable for this application. The advantages of using a HIS structure as a reflecting surface are the reduction of backradiation, the increase of the antenna gain, the broadening of bandwidth, and the mitigation of the effects of parasitic surface waves. Details of the proposed antenna design are described, and simulation results together with a comparison to a conventional antenna with PEC ground plane are presented.
INTRODUCTION
Due to the growing demand in the last years of low-profile antennas with simple structure and reduced cost for wireless communication systems, a novel planar antenna for UHF band operating over a frequency range from 470 MHz to 790 MHz is proposed. This frequency band corresponds to DVB-T2 standard, where the proposed antenna comes to provide a planar and more compact solution than traditional Yagi-Uda antennas. DVB-T2 (Digital Video Broadcasting-Second Generation Terrestrial) is the extension of the television standard DVB-T issued by the consortium DVB, and devised for the broadcast transmission of digital terrestrial television [1] .
The proposed design combines a basic microstrip-fed monopole antenna with a High-Impedance Surface (HIS) formed by a 3x4 array structure, exhibiting gain and bandwidth enhancement, with improvement in the radiation efficiency. A low-cost, ecologic and long-lasting dielectric substrate is proposed to be used for both the antenna and the HIS.
The monopole antenna presents the benefit of wide bandwidth, low profile, simple structure, and low cost of fabrication [2] . The disadvantage of this antenna for DVB-T2 applications is the backward radiation. To solve this problem, a reflecting surface could be placed behind the antenna, at a distance of a quarter wavelength. To reduce the height of the antenna, a HIS structure is proposed, instead of a Perfect Electric Conductor (PEC), as the reflecting surface [3] - [4] . In this way, the antenna can be placed very close to the reflector.
There are two properties of HIS which are of special interest. First, they can behave as perfect artificial magnetic conductors (AMC), what enables efficient radiation for antennas placed parallel and close to the surface. Second, they forbid the propagation of electromagnetic waves in certain frequency band (EBG), so that there is an absence of surface waves and radiation patterns are smoother [5] . A review of these characteristics will offer the basis to develop low-profile planar antennas.
II. PLANAR HIGH IMPEDANCE SURFACE DESIGN
The geometry of the unit cell formed by a square loop and its dimensions is shown in Fig. 2 a) . This HIS geometry is chosen because it offers wide bandwidth characteristics [6] . The initial unit cell is 110x110 mm 2 , and it is printed on a 10 mm foamed PVC material with a dielectric constant of 2.4. There are no vias to the ground plane.
The reflection phase characteristics are simulated using CST Microwave Studio 2012, in order to search for the frequency band in which the periodic structure behaves as an AMC. A single cell of the structure with periodic boundary conditions (PBCs) on its four sides is simulated to model an infinite structure under vertical incident wave. The simulation setup is shown in Fig. 1 b) . The frequency band is defined by the ± 90° variation around the 0° phase values. a) Unit cell L=110 mm, W=38.5 mm, G=4 mm.
b) The unit cell simulation with boundary conditions applied. The numbers of HIS cells have an important influence on the antenna radiation performance. Analyzing the surface currents in a large HIS plane, it is observed that the surface currents are located close to the radiating element. Thus, the size of the HIS plane can be reduced to 3x4 unit-cells. Fig. 3 shows the resulting simulated surface currents in a 3x4 HIS plane at three frequencies within the operating band.
The HIS structure can also act as an EBG structure by exhibiting frequency band-gaps, in which no substrate mode can exist. These band-gaps can be determined analyzing the transmission through the plane. Due to the asymmetry of the 3x4 unit-cell structure plane, the transmission through the plane should be viewed in x and y direction, the distribution ports are shown in Fig. 4 . The simulation results obtained for both analysis are shown in Fig. 5 . In this case, the frequency band-gap occurs close to the AMC operating frequency band (100 MHz-715 MHz). 
III. LOW-PROFILE ANTENNA OVER A HIGH IMPEDANCE SURFACE

A. Antenna structure
A wideband microstrip-fed monopole is used as the antenna to be integrated with the HIS surface. The radiating element and the microstrip feeding line are on the same side of the substrate. In the other side, the PEC ground plane extends under the feed line, as shown in Fig. 6 a) . This monopole antenna provides omnidirectional radiation. Antenna dimensions are 310x261 mm 2 , and it is designed for a 50 input impedance. The antenna was printed on a 5 mm thick rigid PVC material with 3.3 of dielectric constant. Simulated reflection coefficient depicted in Fig. 6 b) shows that the -10 dB operating band of this monopole covers the required frequency band for DVB-T2 application (470 MHz to 790 MHz). The
B. Monopole antenna over HIS.
After the design of the monopole antenna and the HIS structure separately, the 3x4 cell array HIS plane is mounted under the radiating element of the antenna, as shown in Fig. 7  a) . The relative position between the antenna and the HIS plane is illustrated in Fig. 7 b) . There are no unit-cells under the feed line of the monopole, because it would deteriorate the feed-line transmission characteristics.
After the first simulated results for this structure shown in 0, it is observed that the resonant frequency is shifted to higher frequencies. Moreover, the bandwidth of the antenna becomes narrower in comparison to the basic monopole antenna. This effect is due to the interaction of the HIS cells with the monopole antenna. Increasing the periodicity (L) of the HIS cell the resonant frequency decreases. Simulations show that the optimum size for the periodicity in this case is L=115 mm. Additionally, in order to obtain larger bandwidth, an effective technique is to increase the height of the HIS cell [7] . Fig. 9 shows the reflection coefficient curves when the height of the HIS plane (H) varies from 10 mm to 40 mm. Two behaviors are observed simultaneously with the increase in the value of H: First, a gradual displacement of the bandwidth to lower frequencies, and second, a substantial increase of the matching band for -10 dB reference. The frequency band covered by the optimized plane, with H=40 mm and L=115 mm (pink curve), includes all the operating band of DVB-T2 applications. However, H=40 mm implies an increment in the weight of the HIS substrate, so it is not a viable option for a practical design.
A novel technique to enhance the bandwidth without increasing the height of the HIS plane, and reducing the weight, consists in introducing an air gap between the HIS substrate and its back ground plane as shown in Fig. 10 b) .
For the proper design of this novel HIS plane with air gap, the same AMC in-phase band as in the case of the optimized cell (H=40 mm and L=115 mm) must be obtained. After the simulation study, a novel cell has been designed with H=10 mm, L=115 mm, Sep_1=0.027 630 , Sep_2= 0.039 630. Fig. 11 presents the simulation of the reflection phase band-gap for this novel cell. As observed, the behavior obtained is almost the same as in the previously optimized cell case (with H=40mm). The simulation results of the transmission through the novel plane and the previously optimized plane are shown in Fig. 12 . As observed, the frequency band-gap of the novel plane has better outcome than the optimized plane as the S11 presents lower values. AMC and EBG analysis confirm the excellent results obtained with the application of this new technique to the design of the HIS plane. A remarkable reduction in the thickness of the dielectric substrate from H=40 mm to H=10 mm has been then achieved, as well as a significant weight decrease.
C. Results
The simulated reflection coefficient of the proposed structure and a comparison with that obtained using a PEC reflector at the same distance and without using any reflector (antenna alone) is illustrated in Fig. 13 . The frequency band covered by the monopole over HIS for 10 dB return loss includes all the operating band of DVB-T2 applications (470 MHz-790 MHz).
Fig. 14 shows the 3D radiation patterns simulated at three frequencies within the operating band. As desired, directive radiation patterns are obtained due to the presence of the magnetic reflector (HIS structure). At high frequencies the effect of the spurious radiation of the feed-line is observed, that is common in edge-fed patch antennas. Nevertheless, this degradation is considered acceptable for a correct reception of UHF signals.
Moreover, a comparative of the simulated gain of the antenna over this novel HIS plane is shown in Fig. 15 . A comparative with the gain obtained using a PEC reflector at the same distance and without using any reflector (single antenna) is also shown in this figure. As observed, the gain of the single antenna varies from 2.7 to 4.1 dB over the different frequencies, in comparison with the antenna over novel HIS that varies from 8.4 to 10.2 dB. As shown, there exists about 6 dB peak gain increase. Thus, the introduction of the HIS structure not only allows placing the antenna closer to the reflecting plane but it also enhances the gain while significantly reducing the backward radiation. 
IV. CONCLUSIONS
A microstrip-fed monopole antenna with novel HIS array for UHF applications has been proposed. This antenna has very low profile (0.08 630MHz ) compared to the same antenna over PEC (0.25 630MHz ). The proposed antenna (with only one radiating element) achieves 51% bandwidth and high gain (10.2 dB). About 6dB peak gain improvement with respect to the monopole alone is obtained using this novel reflecting structure. 
